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[57] ABSTRACT 

A tissue expansion device fox subcutaneous implantation in 
a patient consisting of an implantable expandable bladder 
prepared from a porous material which defines an infusion 
solution chamber, and an inner bladder disposed within the 
outer bladder prepared from an expandable non-porous 
material which defines an expansion solution chamber, 
liquid transport means are provided for introducing and 
removing an infusion solution into and out of the infusion 
solution chamber, and fluid transport means are provided for 
introducing and removing an expansion fluid into and out of 
the expansion solution chamber. Following implantation of 
the tissue expansion device subcutaneously, expansion fluid 
can be introduced into the expansion chamber by use of the 
fluid transport means causing the inner bladder to expand. 
The expansion of the inner bladder exerts pressure on the 
infusion chamber, which contains infusion solution intro- 
duced through the liquid transport means. The infusion 
solution passes through the pores of the expandable porous 
material into the tissue surrounding and contacting the 
expansile porous wall of the implanted tissue expansion 
device. The outer bladder also expands, due primarily to 
expansion of the inner bladder and to introduction of infu- 
sion solution. The infusion solution can contain agents to 
facilitate the expansion process, such as hyaluronidase, 
lidocaine, epidermal growth factor, ox dexamethasone, or 
any combination thereof. 

14 Claims, 5 Drawing Sheets 
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FIG. I A 
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FIG. 5B 
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DOUBLE CHAMBER TISSUE EXPANDER 

FIELD OF THB INVENTION 

The present invention relates to a device for the expansion 
of tissue, in particular, to an implantable tissue expander 
which provides for a liquid solution to diffuse into the 
subcutaneous tissue in contact with or proximity to the 
expansile (or expansible) surface of the implanted device. 

BACKGROUND OF THE INVENTION 

In the field of reconstructive surgery, tissue expanders 
play an important role. Mechanical tissue expansion is a 
means to increase the dimensions of tissue. The technique is 
commonly used in surgery involving the implantation of 15 
permanent prosthetics, such as breast reconstruction, and 
reconstructive surgery in which additional skin is required, 
such as burn reconstruction. 

Tissue expansion for cosmetic or reconstructive surgery 
has two components: dissection of the skin and subdermal 20 
elements from the underlying tissue, to create a cavity, and 
expansion of an expander device placed in the cavity to 
stretch the surrounding tissues, particularly the skin. The 
dissection process may continue after implantation of an 
expander, thus recruiting additional tissue to stretch in 25 
response to the force of the expander. 

The expansion of tissue can be a painful procedure, 
require long time periods, or both. Furthermore, the success 
of a tissue expansion procedure will depend on the charac- ^ 
teristics of the individual' s skin, c.g., whether it is elastic and 
pliable, youthful, and other factors. Tissue expansion is 
based on the principle that skin and subdermal elements, 
including nervous tissue and vascular structures, stretch in 
response to expansion of an enlarging mass. The stretching 33 
results in an increase in surface area of the skin and other 
tissues. However, prior to the instant invention, there has 
been no concurrent pharmacological component of tissue 
expansion devices. 

U,S. Pat No. 2,499,045 to Walker et aL, relates to an ^ 
ano-rectal dilator and medicator. The invention consists of a 
tube with apertures, which is connected to an air inflation 
device, a bladder element enclosing the apertured portion of 
the tube, a non-expandable fabric form element that defines 
a maximum expansion size surrounding the bladder element, 45 
and a perforated resilient casing element surrounding the . 
form element A quantity of a treating agent can be inter- 
posed between the form element and the perforated casing 
element so that when the device is inflated, the treating agent 
is forced outwardly through the perforations and into contact ^ 
with the affected areas of the rectal passage. The device does 
not include a chamber for holding the treatment agent, nor 
does it provide for replacing treating agent in situ. 

U.S. Pat No. 3,934274 to Hartley, Jr., relates to a 
surgically implantable tissue augmentation prosthesis for 55 
mammary augmentation. The device comprises an outer sac 
and an inner capsule which is contained within the outer sac 
and occupies less than the entire volume of the outer sac. A 
gel or liquid is sealed within the inner capsule. The outer sac 
is filled with a liquid using a filling valve. Liquid in the outer 60 
sac may be withdrawn in order to deflate the prosthesis in 
response to spherical contracture. 

U.S. Pat No. 4,685,447 to Iversen et aL, relates to a tissue 
expander system including a flat one-piece molded tissue 
expander, a connecting tube, and an injection port A piece 65 
of non-stick fluarocarbon material can be used to prevent 
sticking of the tissue expander material during expansion. A 
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Dacron mesh can be embedded in the. tissue expander to. 
provide for directional expansion. 

US. Pat No. 4,800,901 to Rosenberg, relates to a balloon 
type tissue expander which is inflated through a tube con- 
5 nected to the balloon and extending through an opening in 
the skin. In addition, there is a separate drain tube attached . 
to or surrounding the inflation tube, The drain tube allows 
fluid, which may accumulate at the implantation site, to exit 
through an opening in the skin. An irrigation tube which is 
connected to the drain tube or inside the drain tube may also 
be included. This permits an irrigating liquid to be intro- 
duced into the implantation site of the balloon. 

U.S. Pat No. 4,984,585 to Austad, relates to a tissue 
expander comprised of an inflatable envelope, which can be 
separably mounted on a more rigid base, and a connector 
tube system which introduces fluid into the envelope. This 
invention provides for cutting the base into any desired 
shape, and conforming the expandable envelope to that 
shape. 

U.S. Pat No. 5,005,591 to Austad, relates to a self- 
inflating tissue expander. The tissue expander has a window 
portion which is highly permeable to extracellular water, 
however, the remaining portion is generally impermeable to 
water. The expander contains an osmotic agent that absorbs 
extracellular water. Absorption of water causes inflation of 
the implant 

Adjunctive Agents to Facilitate Rapid Tissue Expansion . ■ 
by Netscher et aL (Ann, Flast Surg. 23:412, 1989), relates 
to a study of the effects of hyaluronidase, colchicine and 
prostaglandin £3 on tissue expansion using rodent models. 
The agents were delivered into the tissue surrounding the 
implanted tissue expander by use of an intravenous catheter 
mounted on the circumference of the tissue expander. Infu- 
sion of a chemical agent was entirely independent of the 
expansion process. 

The citation of any reference herein should not be deemed 
an admission that such reference is available as prior art to 
the invention. 

SUMMARY OF THE INVENTION 

The inventor has recognized a need in the art far an 
integrated tissue expander-expansion promoter delivery sys- 
tem to provide for greater comfort as well as facilitate and 
improve tissue expansion procedures. 

Accordingly, the present invention provides a dual cham- 
ber tissue expansion device for subcutaneous implantation 
and delivery of a tissue expansion promoter in a patient The 
device comprises an implantable expansion and delivery 
means comprising an expandable outer bladder prepared 
from a porous material capable of discharging an infusion 
solution therethrough, which defines an infusion chamber, 
and an expandable inner bladder disposed within said outer 
bladder and prepared from a non-porous material, which 
defines an expansion chamber, said inner bladder serving to 
effectuate the majority of the expansion of said expansion 
and delivery means. The device also includes means for 
delivering said infusion solution adapted for location exter- 
nal to said patient in use, and in fluid registry with said outer 
bladder, and means for inflating said inner bladder adapted 
for location external to said patient in use, and in. fluid 
registry with said inner bladder. Preferably, the device 
comprises means for preventing adhesion of the outer mem- 
brane of the expansion chamber to the inner wall of the 
infusion solution chamber, such as texturing of the surfaces 
of each bladder that may be in contact or by providing a 
mechanical spacing member. 
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After implantation of the device subcutaneously, an infu- In another embodiment, a drain may be inserted coaxiaUy 

sion solution can introduced and removed from the outer with, adjacent to, or in proximity to the infusion solution 

bladder or infusion chamber. This allows for replacement of liquid transport means and the expansion fluid transport 

one infusion solution with another rapidly, or for increasing means for collection of accumulated fluid from around the 

or decreasing the infusion rate by controlling pressure. 5 expander and removal of the fluid from the tissue. 

Furthermore, fluid that accumulates in the tissue in contact The present invention satisfies the need in this field for a 

with the tissue expansion device can be removed by apply- tissue expansion device which permits various infusion 

ing suction to the infusion chamber. solutions to be introduced into an implanted device without 

Inflation of the inner bladder, or expansion chamber, can having to remove the device from the patient's body. The 

be accomplished by introducing a fluid into the expansion 10 expansion of tissue can be very painful procedure. An 

chamber. Fluid can be removed from the expansion chamber advantage of the present Invention is that it allows expansion 

to deflate the device, e.g., to decrease pressure or prior to to occur while simultaneously infusing the tissue area with, 

removal for example, anesthetic, to alleviate pain, hyaluronidase, to 

In a preferred embodiment, said inner and outer bladders facilitate tissue dissection that accompanies expansion, or 

are attached to a substantially non-stretchable and non- 13 **>th. This advantage is important since the use of hyalu- 

expandable member. In this embodiment, expansion of the ronidase can hasten the expansion process, and anesthetics 

device occurs in all directions except those bounded by this 00X1 ma ^ £ me expansion process more comfortable for the 

non-stretchable and non-expandable member. Generally, patient Furthermore, different infusion solutions can be 

upon implantation, this member, which may be termed a used at different stages of the expansion process to augment 

backplate, is placed in contact with tissue, such as muscle or 20 each stage, for example, use of anesthetic upon insertion, a 

bone where expansion is not desired hydrolytic enzyme during expansion, and a growth factor to 

Asfteopaiuto^ ^ V™* * * e sto Infusion of such 

the non-porous material expands. This expansion exerts a » Pftcularly beneficial I when admimstered 

pressure forcing the infusion solution out the infusion „ ^ to ^.f mc ^ m °° nta<1 Wltfa mc ™P™*™ 

solution chamber, through the expandable porous material, 25 ^ ^sequent expansion, 

and into the tissue surrounding and in contact with the An object of this invention is to provide a device which 

porous material. In another embodiment, injection of the expedites the expansion of tissue, 

infusion solution under pressure can force the infusion Another object of this invention is to provide a device 

solution out of the infusion solution chamber, through the 3Q which makes tissue expansion more comfortable for the 

expandable porous material, and into the tissue surrounding patient 

and in contact with the porous material. The pressure on the Yet another object of the invention is to permit different 

infusion solution, whether by expansion of the expansion infusion solutions to be introduced into all of the tissue in 

chamber or injection through the liquid transport means, contact with the expanding wall of a tissue expander device 

provides one mechanism for controlling the rate and depth 35 requiring removal of the device, 

of infusion of the infusion solution into tissues. Moreover, 

infusion occurs into all of the tissue in contact with the BRIEF DESCRIPTION OF THE DRAWINGS 

porous material that makes up the wall of the infusion ^ mvention be better understood by reference to 

chamber of the expander, which is the expansile surface of ^ drawings, which are schematic and are not drawn to 

the expander. ^ scalCt 

The present invention advantageously provides far infu- nGi ia is a schematic plan view of a specific embodi- 

sion of a promoter of tissue expansion, ie., one or more ment 0 f the DOUBLE CHAMBER TISSUE EXPANDER 

agents to facilitate the tissue expansion process. For wnicn ^ ^ expands uniformly in all directions, i.e., 

example, the infusion solution may be saline or water for spherically 

hydrodissection of the surrounding tissue. The infusion 4S HG m is a full sectional side view of an alternate 

solution may contain an extracellular matrix digestive embodiment of tte DOUBLE CHAMBER TISSUE 

enzyme, such as hyaluronidase, hydrolyzes one ox more expander a backin g mem ber, which is round but 

components of the extracellular matrix, which makes up the ^ h^phe^m,. 

"glue" of the connective tissue; an anesthetic, such as C", « . L , . * . ., .... 

Udocaine or bupivicaine, to relieve the pain associated with 50 . I 2 * a sc ^ e ^ P ^™5 ^^^af™c™ 

expansion; antibiotics, to prevent or treat an infection that k which * e CHAMBER TISSUE 

may occur with any invasive procedure; a growth factor, in EXPANDER has a square rectangular shape, 

particular epidermal growth factor, to facilitate tissue growth ^G- 3 ^ a schematic plan view of an embodiment of the 

foUowing expansion; or an agent mat h^ invention in which the DOUBLE CHAMBER TISSUE 

the cooditions of fibrosis, capsule formation, or scarring, 55 EXPANDER has rod shape. 

such as a steroid, e.g., dexamemasone, or an anionic PIG* 4 is a schematic plan view of an embodiment of the 

polymer, such as dextran sulfate. Two or more agents can be invention in which the DOUBLE CHAMBER TISSUE 

infused simultaneously or serially. EXPANDER has a triangular shape. 

As noted above, the infusion chamber can serve as a FIG. 5A is a schematic drawing of the infusion solution 

reservoir for any accumulated liquid or fluid in the tissue 60 liquid transport means and the expansion fluid liquid trans- 

around the expander. Such liquid or fluid will naturally flow port means having separate injection ports, which are shown 

through the pores of the porous material, and can be in a side view. 

removed from the infusion chamber by applying suction FIG. 5B is a schematic drawing of an embodiment in 

through the liquid transport means (e.g., using the same which mere is a single injection port, shown in plan view, 

means as for removing infusion solution). Applying suction 65 having a single hemisphere divided by a wall providing for 

to the infusion chamber will increase the rate of removal of separate injection of the infusion solution and the expansion 

accumulated liquid or fluid from the tissue. fluid. 
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FIG. 6A is a schematic drawing of an embodiment roughened surface on an implant, helps prevent formation of 

wherein the tube for the infusion solution liquid transport a thickened capsule. Although this is not important to tissue 

means and the tube for the expansive fluid transport means expansion, it is important when such an expansion device is 

are encased in an outer sleeve. subsequently used as an implant 

FIG. 6B is a schematic drawing of an embodiment 5 The inner bladder, or expansion chamber, is prepared 
wherein the expansion fluid tube is encased in infusion from a stretchable non-porous mater ial The term "stretch- 
solution tube, ie., the tubes are arranged coaxially. able non-porous material" refers to a material which is 

A essentially non-porous, ie., which prevents significant dis- 

DETAILED DESCRIPTION OF THE persion or diffusion of fluids through or across the material 

INVENTION io Examples of suitable materials include silicone rubber, and 

The present invention, for simultaneous expansion and derivatives thereof. Other suitable materials which are 

delivery of a tissue expansion promoter to tissue, is com- appropriate for surgical procedures and implantation in 

prised of an expandable infusion solution chamber (infusion animals, particularly humans, may be used. "Stretchable** is 

chamber) which is defined by a stretchable porous material usc & as defined above in connection with the non-porous 

or wafl. Within the infusion chamber is an inner bladder, Le., 15 material The material should be strong enough to withstand 

an expansion fluid chamber (expansion chamber), which is expansion of the chamber without cracking or significant 

isolated by a stretchable non-porous material, or wall, from leaking. 

the infusion chamber. Solutions are introduced and removed According to the invention, the inner bladder and outer 

from the infusion chamber by a liquid transport means. bladder do not adhere to each other. In a particular aspect, 

Fluids are introduced and removed from the expansion 20 the invention provides means for preventing adhesion of the 

chamber by a fluid transport means. outer surface of the expansion chamber to the inner surface 

The term "tissue expansion'* is used generally to describe of tne infusion chamber. For example, if the walls of both 

the increase in tissue dimensions under the influence of a chambers are prepared from silicone rubber, upon contact 

slowly enlarging mass beneath it Tissue expansion may **** walls 11137 adhere to each other. Preventing such adhe- 

occur naturally or as a result of mechanical force. Natural 25 ^on can be achieved by manufacturing each chamber from 

tissue expansion occurs as a result of, for example, weight materials that do not adhere to each other on contact A 

gain, tumor growth, and pregnancy. Tissue expansion by means for preventing adherence is to prevent contact 

mechanical force is now a recognized modality of treatment mechanically, e.g., with use of a mechanical spacing mem- 

in reconstructive surgery; as used herein, the term "tissue ^ For example, appropriately sized, inert spheres or a 

expansion" refers to expansion by mechanical force exerted 30 tnatrix that fits between the chambers can be included, 

by an implanted device. Alternatively, either the outer surface of the expansion 

As used herein, the term "hydiodissection" relates to the Z *** Tf ""^ ° f ^ thaidba > OT 

installation of an aqueous solution, such as saline or water, botn * ^ texturcd * 

in soft tissues. The hydrodynamic force of the aqueous 35 As used herein, the term "infusion solution" refers to any 

solution facilitates separation of the skin from the underly- solution introduced into the infusion chamber to be eluted 

ing tissue. Hydrodissection can facilitate open dissection, fr° m the pores of the porous membrane when sufficient 

and can be implemented according to the instant invention pressure is exerted by the expanding non-porous material or 

to facilitate expansile dissections as well DY injection pressure. The infusion solution may contain one 

The outer bladder, or infusion chamber, is prepared from 40 01 more agents *** facflitate ^sue expansion. Examples 

a stretchable non-porous material. The term "stretchable of such ****** "rtMafa, anesthetics, extracellular 

porous material" refers to a material which allows the matlix festive enzymes, growth factors, eg., epidermal 

infusion solution to pass from the inrusion chamber into the & owth factor t 60 ^ fibroblast growth factor (FGF), 

tissue surrounding the implanted tissue expander, and which platdet-derived growth factor (PDGF), and angiogenic 

can stretch, ie., increase its total area, during expansion of 45 & ^ ^ "* ^ ^ **** fihr0SiS ' **" 

the device. The term "stretch** refers to the ability of the matl0n 8car foimat ion. 

porous material to increase size in the dimensions of its Preferred antibiotics include those effective against 

plane; the material does not increase significantly in staphylococci, such as but not limited to methicillin and 

thickness, however. The rate of infusion can be controlled, vancomycin. Generally, antibiotics are administered 

in part, by choosing the number and size of the "pores" in 50 prophylactically, since if a bacterial infection develops 

the porous material. In one embodiment, the stretchable around the implanted expander, usually the expander is 

porous material has uniformly sized pores, e.g., produced in removed from the subject 

the material manufacturing process, that allow fluid to pass. As used herein, the term "extracellular matrix digestive 

Alternatively, the stretchable porous material may be a enzyme" refers to an enzyme that digests a component of the 

non-porous material that has been perforated, e.g., with a 55 extracellular matrix. One such enzyme is hyaluronidase, 

laser, pin or needle pricks, or by cutting. The expandable Enzymes that digest glycosaminoglycans or proteoglycans, 

porous material should be biocompatible. In a preferred can also be used, such as, but not limited to, chondroitinase, 

embodiment, the expandable porous material is prepared keratanase, and the like. 

from perforated silicone rubber. Other expandable materials As used herein, the term "agent that inhibits fibrosis, 

for use in surgical procedures and implantation in animals, 60 capsule formation, or scar formation** includes but is not 

particularly humans, may be used. limited to steroids, such as dexamethasone, and anionic 

The porous material can be fabricated to contain pores or polymers, such as dextran sulfate, 

micropores, or it may be a non-porous material that is The term "expansion fluid" refers to any fluid introduced 

modified by puncturing to make small cuts, holes, or pores, into the expansion solution chamber in order to expand the 

e.g., with a needle. An advantage of using a porous material 63 expandable non-porous rnateriaL Examples of suitable 

is that the pores create a surface texturing effect on the expansion solutions include, but are not limited to saline, 

exterior of the implant Surface texturing, or creating a buffered saline, water and air. 
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A specific embodiment of the invention is shown in FIG. bladder prepared from a non-porous material, 108, which 

1A. The dual chamber tissue expansion device, 100, may be defines the expansion chamber, 106, is mounted to a rigid 

subcutaneously implanted within a patient The device con- backplate, 109. The use of a backplate, 109, permits expan- 

tains an infusion chamber, 102, defined by a stretehable ^or in all direction except against the backplate, Le. , the 

porous material, 104; an expansion chamber, 106, located 5 <kvice expands hemisphericalfy. The baclmlate does not 

within the infusion chamber but isolated from the infusion contain pores, so no infusion solution elutes in that direction, 

chamber by a stretehable non-porous material, 108; an Examples of materials suitable for the backplate include a 

infusion solution liquid transport means, 110; and an expan- ^? mat f ial . ™* ^ us ^^ff^ T 

.„ fl , . . - JL M in tk» i„fn«-«n e^iiitf™ t^n c within the silicone to give strength and prevent stretching. In 

aon fluid transport means, 1U The infusion solution trans- embodiment, the expansionfluid transport means (tube), 

port means and expansion fluid disport means may be io ^ 0 Tco^y within me iiui soluuon trans^ 

silicon tubes, or other biocompatible matrnals formed in meansftube) 110 

tabular shape. In this embodiment the inftmon solution ^ & ^ ^ Qr drcukr ^ 

transport means and expansion fluid transport means are a sphere or hemisphere Of there is a backplate) upon 

tube arranged coaxiaUy, in whkh the expansion fluid tube, ^ of me mveDtioil ^ ^ 8quare OT 

112, is mside the infusion solution tube, 110. 15 rectangular, (FIG. 2), 200, rod shaped (FIG. 3), 300, or 

Following implantation of the dual chamber tissue triangular (FIG. 4), 400. Such alternatives may be useful 

expander, expansion fluid is introduced to the expansion where the shape can provide an advantage. Far example, a 

chamber through the expansion fluid transport means, 112. rod- shaped device can be used to expand tissue along the 

As the expansion chamber fills with expansion fluid, the length of a limb, eg., for reconstruction of a gash, bum or 

expansion chamber, 106, expands, and the non-porous 20 other injury running the length of the limb, 

material, 108, stretches. The expansion fluid transport FIG. 5A is a detail drawing of the infusion solution liquid 

means, 112, may also be used to remove expansion fluid transport tube, 110, with infusion solution delivery means, 

from the expansion solution chamber to facilitate removal of which is an injection port, 114, and the expansion fluid 

the dual chamber tissue expander, or reduce expansion transport tube, 112, with inflating means, which is a separate 

pressure if either are desired. 25 injection port, 116. One end of each tube is connected to the 

The pressure exerted by the expanding expansion cham- ***** chamber (not shown here). The other end is 

i uc picaaiuc yy ^anyuii^ wvyou^vix wuaiii connected to an infection port e.g., as described in U.S. Pat 

berpressunzes the mfusion solution which is introduced to ~g^ 7 to f yascR ^ * hich * specmcally incur- 

the infusion chamber 102, through the infusion soluUon ^ herdo b xtAmatm ^ tabes ^^ted'to pass 

transport means, 110. In another embodiment of the ^ ^ ^ me ^ when th e device^ implanted, 

invention, the pressure exerted by the injection of infusion M ^ mG 5A( ^ m j cc tf on por^ 114 ^ separate. In 

solution into the infusion chamber, by use of the infusion ^ s embodiment, the tubes are arranged coaxiaUy. 

solution transport means, pressurizes the infusion solution. Therefore, sealing means, 500, are provided to allow for exit 

In either cases, the infusion solution pressure forces the of the internal expansion fluid tube to connect to its injection 

infusion solution through the porous material, 104, and into p 0I t without causing a leak in the injection solution tube. For 

the tissues in contact with or proximal to the expander. 35 example, the tubes can be heat sealed, or a sealant, such as 

In a preferred embodiment of the present invention, the silicone, applied to form a seal, 

infusion solution is saline, to provide for hydrodissection of FIG. SB is another embodiment, wherein a single injec- 

the connective tissue matrix. For example, the infused tion port, 118, having two separate hemispheres, one for 

solutions may be 0.15M NaCl, or buffered 0.15M NaCL ^ injection or withdrawal of an infusion solution, 120, and 

In other embodiments, lidocaine, hyaluronidase or both another for injection or withdrawal of an expansion fluid, 

may be present in the infusion solution. 122, mounted on a base, 124, is used. Such a dual injection 

The infusion solution liquid transport means, U0, may P 0 * can be prepared by modifying a single injection part by 

also be used to remove an infusion solution from the including a wall, 126, fabricated from the same material as 

infusion solution chamber, 102, if that is necessary. As a 45 the bulb of the injection port, dividing the hemisphere in 

result, the infusion solution may be changed without remov- half. Again, since the tubes are arranged coaxiaUy, sealing 

ing the implanted dual chamber expander from the patient's means, 500, as described above, are provided, 

body. FIG. 6A is a detail drawing of one embodiment wherein 

A particular advantage of the invention is the flexibility it the infusion solution tube, 610, and the expansion fluid tube, 

provides with respect to the infusion of agents to facilitate 50 612 » m encased in an outer sleeve, 614. The outer sleeve 

tissue expansion. In particular, one or more agents can be provides for contact of a single surface with the skin opening 

infused together. Alternatively, different agents can be through which the tubes extend. Accordingly, the outer 

infused serially, if that is desired For example, the initial slecve be prepared from a biocompatible material. An 

infusion solution may comprise hyaluronidase and lidocaine example of suitable outer sleeve material is silicone. Clearly, 

in a buffered saline solution. This infusion solution would 55 m embodiment, no sealing means, as shown in FIGS. 5A 

lead to hydrodissection and digestion of the connective and 5B, is required. 

tissue matrix, with local anesthesia to alleviate discomfort FIG. 6B is another embodiment wherein the infusion 

and pain. Additionally, in the immediate postoperative solution tube, 620, is encases the expansion fluid tube, 622. 

period, an antibiotic may be infused to prevent the onset of This embodiment is shown in FIGS. 1-5 as well, 

an infection. Finally, after the skin is stretched, infusion of 60 The specific embodiments disclosed above are not 

a growth factor may provide for growth of new tissue, intended to limit the present invention. It is recognized that 

yielding a robust expanded tissue ready for use in recon- changes may be made in the process and apparatus specifi- 

stnictive surgery. cally described herein without departing from the scope and 

In another embodiment of the present invention, as shown teachings of the present invention. 

FIG. IB, the double chamber tissue expander device, 101, 65 Various publications and patents are cited in the 

which includes a porous outer wall, 104, that defines the Specification, each of which is specifically incorporated 

infusion chamber, 102, within which the expandable inner herein in its entirety. 
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What is claimed is: 

1. A tissue expansion device for subcutaneous implanta- 
tion and delivery of a tissue expansion promoter in a patient 
comprising: 

an expansion and delivery means for subcutaneous 
implantation and tissue expansion comprising an 
expandable outer bladder prepared from a stretchable 
porous material capable of discharging an infusion 
solution therethrough, and 

an expandable inner bladder disposed within said outer 
bladder and prepared from a stretchable non-porous 
material, which inner bladder and outer bladder are 
non-adherent, said inner bladder serving to effectuate 
the majority of the expansion of said expansion and 
delivery means; 

wherein said inner and outer bladders are attached to a 
substantially non-stretchable and non-expandable rigid 
backplate member, 

means for delivering said infusion solution adapted for 
location external to said patient in use, and in fluid 
communication with an interior of said outer bladder, 
and 

means for inflating said inner bladder adapted for location 
external to said patient in use, and in fluid communi- 
cation with an interior of said inner bladder* 

2. The device of claim 1 further including means for 
preventing adhesion of the inner bladder to the outer bladder. 

3. The device of claim 1 further including first liquid 
transport means associated with said infusion solution deliv- 
ering means, for delivering said infusion solution to said 
outer bladder, and a second fluid transport means associated 
with said inflating means for introducing and removing an 
expansion fluid into and out of said inner bladder. 

4. The tissue expansion device according to claim 1 in 
which the stretchable porous material is perforated silicone. 

5. The tissue expansion device according to claim 1 
wherein said outer bladder contains an infusion solution, and 
said infusion solution comprises an agent selected from the 
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group consisting of an antibiotic, an anesthetic, an extracel- 
lular matrix digestive enzyme, a growth factor, and an agent 
that inhibits one ox more of the conditions of fibrosis, 
capsule formation, or scar formation. 
5 6. The tissue expansion device according to claim 1 in 
which said outer bladder contains an infusion solution 
selected from the group consisting of water, buffered saline, 
and saline 

7. The tissue expansion device according to claim 1 in 
10 which stretchable non-porous material is silicone. 

8. Hie tissue expansion device according to claim 1 
wherein said inner bladder contains an expansion fluid 
selected from the group consisting of buffered saline, saline, 
water, and air. 

15 9. The tissue expansion device according to claim 1 in 
which said infusion solution delivery means is tubular 
wherein one end is in liquid communication with the interior 
of said outer bladder, and the opposite end extends to a first 
injection port 

20 10. The tissue expansion device according to claim 1 in 
which said inflating means is tubular wherein one end is in 
fluid communication with the interior of said inner bladder, 
and the opposite end extends to a second injection port 

11. The tissue expansion device according to claim 1 in 
25 which said infusion solution delivery means is tubular 

wherein one end is in liquid communication with the interior 
of said outer bladder and the opposite end extends to a first 
injection port; and the inflation means is tubular wherein one 
end is in fluid communication with the interior of said inner 
30 bladder and the opposite end extends to second injection 
port 

12. The liquid transport means of claim 11 in which said 
inflation means is located co-axiaUy inside said infusion 
solution delivery means. 

35 13. Hie tissue expansion device of claim 1 which is round. 
14. The tissue expansion devise of claim 13 which is 
round. 

* * * * * 
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[57] ABSTRACT 

A uterine access catheter system comprises an inner catheter 
and a sleeve catheter slidably disposed over the inner 
catheter. The inner catheter is a balloon catheter having an 
elastomeric balloon near its distal end and suitable for 
performing hysterosalpingography procedures. The sleeve 
catheter includes an occluding member near its distal end, 
and the inner catheter and outer catheter may be used 
together to seal against and engage the cervix of a patient 
undergoing hysterosalpingography or other genealogical 
procedures. The sleeve catheter is locked to the inner 
catheter, typically relative by relative rotation of the two 
catheters. The occluding member may be detachable and 
reusable. Means may be provided for drawing a vacuum 
between the occluding member and the balloon to further 
engage the cervical os. 

26 Claims, 10 Drawing Sheets 
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APPARATUS AND METHOD FOR 
ACCESSING AND MANIPULATING THE 
UTERUS 

The subject matter of the present application is related to 
copending application Ser. No. 08/772,395 (attorney docket 
No. 16355-003100), filed on the same day as the present 
application, the full disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to methods and 
apparatus for accessing the uterus and optionally the fallo- 
pian tubes of a patient. More particularly, the present inven- 
tion relates to a uterine access catheter system and method 
which provide for both uterine access and manipulation. 

Diseases of the fallopian tubes are a major cause of 
infertility and tubal pregnancy. Until recently, diagnosis and 
treatment of tubal disease has been hampered by the diffi- 
culty of accessing and imaging the interior of the fallopian 
tubes in a least invasive manner. Such difficulties, however, 
have been largely overcome by the present availability of 
very small guide wires, catheters, and fiberoptic viewing 
scopes, usually referred to as falloposcopes. Particular sys- 
tems and methods employing a hysteroscope in combination 
with the guidewire and small diameter fallopian access 
catheter for accessing and viewing the interior of the fallo- 
pian tubes are described in Kerin et aL (1990) FertiL Sieril. 
54:390-400 and J. Laparo. Endoscopic Surg. 1:47-56, and 
copending patent application Ser. No. 08/207,475, assigned 
to the assignee of the present application. 

A common medical procedure for imaging the uterus and 
fallopian tubes is referred to as hysterosalpingography. Such 
procedures rely on injecting contrast media into the uterus 
and fallopian tubes using a uterine access catheter having an 
elastomeric balloon near its distal end for sealing against the 
cervix. The anatomical structures of the uterus and fallopian 
tubes are then filled with contrast media fluoroscopically 
imaged in a conventional manner. In some cases, however, 
contrast media injected into the uterus does not fully pass 
into the fallopian tubes. If the fallopian tubes are not filled 
with the contrast media, subsequent imaging may be inad- 
equate. 

In such circumstances, it has been proposed to pass a pair 
of coaxial catheters through the uterine access catheter in 
order to access the fallopian tubes. In particular, an outer 
catheter is used to engage the fallopian os and a smaller 
tubular catheter is passed through the outer catheter and into 
the fallopian tube. Contrast media can then be injected 
directly into the fallopian tube for improved imaging. Such 
systems are described in U.S. Pat. No. 5,372,584. 

While such coaxial catheter systems for selectively 
accessing the uterus and fallopian tubes are generally 
successful, they rely on using a relatively large diameter 
uterine access catheter. In particular, the uterine access 
catheter must be sufficiently large to pass the coaxial cath- 
eter system which is used to enter the fallopian tubes. The 
need to pass a larger catheter through the cervix significantly 
increases patient discomfort and can be more difficult for the 
physician to insert. While it would be possible to initially 
employ a small catheter for contrast media introduction, 
subsequent fallopian tube access would then require use of 
a second, larger uterine access catheter, thus increasing the 
cost and complexity of the procedure. 

A further deficiency of presently utilized uterine access 
systems is the inability to or difficulty of manipulating the 


15,098 

2 

uterus during the hysterosalpingography or other imaging 
procedure. Frequently, it would be desirable to reorient the 
uterus to improve the fluoroscopic image or for other 
purposes. While a variety of uterine manipulating devices 

5 exist, most are incapable of fluid injection for fluoroscopic 
imaging. While combination uterine injectors and manipu- 
lators do exist, such as those available from BEI Medical 
Systems, Inc., under the tradenames ZUMI AND ZUI 
(which are generally described in U.S. Pat. No. 4,430,076), 
the handle which is attached over the balloon catheter for 
engaging the interior surface of the cervical os is difficult to 
properly position over the inner balloon catheter. Moreover, 
the handle is useful only for manipulation and does not 
provide uterine access for the introduction of other uterine 
and/or fallopian catheters. In contrast, the catheter system 

15 described in U.S. Pat. No. 5,372,584, is not useful for uterine 
manipulation. The '584 catheter has a disk which engages 
the outside of the cervix to maintain a seal. While sufficient 
to provide the desired seal, if the '584 catheter were used to 
manipulate the uterus, the seal provided by the disk would 

20 be stressed and the seal lost. 

For these reasons, it would be desirable to provide 
improved apparatus and methods for accessing and manipu- 
lating the uterus in hysterosalpingography and other proce- 
dures. Such apparatus and methods will preferably provide 

25 for the introduction of a small diameter balloon catheter 
having a sleeve catheter thereover, where the assembly of 
the balloon catheter and sleeve catheter together provides 
sufficient rigidity and column strength to permit manipula- 
tion of the uterus and wherein the balloon catheter may be 

30 withdrawn from the sleeve catheter to permit use of the 
sleeve catheter for other purposes, such as the introduction 
of uterine and/or fallopian tube catheters. Such apparatus 
and methods should reduce the complexity and cost of 
performing hysterosalpingography and other related uterine 
and fallopian tube access procedures. It would further desir- 

35 able if such apparatus were useful for other gynecological 
procedures, such as treatment of proximal tubal occlusion, 
endoscopic tubal examination, transcervical gamete intra- 
fallopian transfer (GIFT), therapeutic drug delivery for 
treatment of infections and ectopic pregnancies, endometrial 

40 biopsy, intrauterine ultrasound, and the removal of myomas, 
polyps, and/or septums, and the like. 
2. Description of the Background Art 
U.S. Pat. No. 5,372,584, describes a catheter system for 
performing hysterosalpingography and selective salpingog- 

45 raphy. Catheter systems and methods for accessing the 
fallopian tubes are described in U.S. Pat. Nos. 5,389,089; 
5,379,247; 5,300,023; and 5,147,315. Catheters intended for 
uterine access and/or manipulation are described in U.S. Pat. 
Nos. 5,259,836; 5,104,377, 4,496,345; 4,430,076; and WO 

50 96/22122. Other catheter systems are described in U.S. Pat. 
Nos. 5,273,526 and 5,211,627. A cervical cannula is 
described in SU 730355. Laparoscopic cannulas comprising 
coaxial tubular members are described in U.S. Pat. Nos. 
5,002,557 or 5,176,697. A cervical manipulator comprising 
an inner balloon member and other cervical cap is described 

55 in U.S. Pat. No. 5,209,754. Devices manufactured under 
U.S. Pat. No. 4,430,076, are sold by BEI Medical Systems 
under the trade name ZUMI, as described in a catalogue of 
BEI. 

A coaxial catheter system for accessing and imaging a 
60 fallopian tube is described in copending application Ser. No. 
08/207,475, filed on Mar. 7, 1994, assigned to the assignee 
of the present application, the full disclosure of which is 
incorporated herein by reference. 

65 SUMMARY OF THE INVENTION 

According to the present invention, apparatus and meth- 
ods are provided for accessing, manipulating, and optionally 


11/15/2003, EAST Version: 1.4.1 


5,935,098 

3 4 

imaging a patient's uterus and fallopian tubes. The apparatus be somewhat harder, usually having a hardness in the range 
and methods are particularly suitable for use during the from 65 D to 100D, preferably from 70D to 80D. By pro- 
performance of hysterosalpingography where the uterus viding an inner catheter and sleeve catheter having hard- 
may be manipulated to improve the image obtained or for nesses within these ranges, the desired mechanical strength 
other purposes. The apparatus and methods further provide 5 ^ achieved without causing excessive patient discomfort or 
for accessing the fallopian tubes following the trauma. 

hysterosalpingography, but would also find use in a variety T . c * r *u * • tL . 

I . r & , & r J . • „ , i , • J c In a specific aspect of the uterine access catheter system 

of other procedures requiring access to and manipulation of - , r . r . ... , 4 , \ 

the uterus of the present invention, the occluding member on the sleeve 

J* , , , , catheter is formed as a conical plug having its apical end 

Tie apparatus and methods arc J particularly advantageous 10 disposed in the distal carection. Opuon ally, the conical plug 

in that uterine access is provided by a small diameter, Qr mhcr membcr m bc rcmovab i y atlachcd t0 

usually soft, catheter which is passed through the cervical os ^ distal end of mc slceve camctcr UsuaU (hc m ^ { 

into the uterus. Uterine manipulation and subsequent cath- or othcr ^ mcmber ^ bc a rcsilient strucUirc 

eter exchange are provided by a second s eeve catheter havifl a u fixcd (i c ml inflalable)> , D 

which is disposed over the small diameter balloon catheter. , 5 allcrnativc cmbod i m cnts of the present invention, however, 

The sleeve catheter has an atraumatic occluding member at ^ occludi membcr can bc an inflatable balloon? usuall 

its distal end which directly engages the interior surface of havin a simi , ar ^^on when inflated, 

the cervical os. The occluding member is preferably formed ¥ . — _ . 

as an inverted cone or "adorn" seal which partially pen- In ^ a , n ° ther Spe f C aspeCt ° f * e " ,e " ne aCC6 ^ Catb ? er 

etrates and seals within the cervix in a manner that permits 20 s yf lem °, f * e present invention the lock is configured to 

manipulation without the loss of seal. Together, the inner «*lectii*ly fix a distal portion of the sleeve catheter to a 

balloon catheter and sleeve catheter provide sufficient col- ^ P orU ° n , oE the m l ner cathete u r By Ioc ^ ng *• mner 

„ * „ „i ^ »L nt „ nn Ua catheter and sleeve catheter together near their respective 

umn strength and rigidity so that the uterus can be manipu- _ , fe . , , . 

lated from the proximal end of the assembly of the two distal ends, engagement of the cemx between the ^ balloon 

catheters. The individual catheters, however, are sufficiently B and ,he . member may be enhanced While the 

small and soft so that the patient suffers minimum discom- Present mvention contemplates mat the catheter lock may be 

fort and trauma at an ^ ax location within the catheter system, including 

„ * - . . . near the proximal ends, locking mechanisms positioned at or 

In a first aspect of the present invention, a uterine access r . , .., ... , . . . . ... 

r . r , , , near the proximal end will provide less locking rigidity 

catheter system comprises an inner catheter and a sleeve , . ,5 ,. . . , . , . , . .. ° f , 

i_ ■ . u , i_ • i j j- * i j between the distal ends of the catheters, and is therefore less 

catheter. The inner catheter has a proximal end, a distal end, 30 c , ~ u . c , . , , . . 

, . , A f a ,1 » u - preferred. Thus, it is preferred that the locking mechanism 

and a lumen therebetween. An inflatable balloon is posi- f . „ . , t V *. . *i_ 1 *i_ . 

, 1 _i f ,1 • t m. , be dispersed to lock the inner matter to the sleeve catheter 

tioned near the distal end 01 the mner catheter. Ine sleeve . r . tl _ . . . iri r . 

. • 1 j j- 1 j j 1 in a region within the distal-most 10 cm of the sleeve 

catheter has a proximal end, a distal end, and a lumen , u • r ui u • -.u- .u j- » 1 * c 

r . . . , .. , . . catheter, more preferably being within the distal-most 5 cm, 

therebetween, and is sized to si id ably receive the inner r ^ o 

catheter therethrough. An occluding member is disposed 35 In the exem P Iar Y embodiment of the catheter lock, a 

near the distal end of the sleeve catheter and is configured to feature * formed 00 an exterior surface of the ™ n&T calheter 

partially penetrate and seal against an anterior surface of the which selectively engages a mating feature on an inner 

cervical os when the balloon of the inner catheter is posi- surface of ^ sleeve catheler - For example, the feature on 

tioned in the uterus. In particular, the sleeve catheter may be exterior surface of the inner catheter ma Y be a protrusion 

advanced distally over the inner catheter to provide for the 40 and me feature on the inner surface of the sleeve calneter 

desired engagement and seal. A locking mechanism is pro- ma V * a recess - After axially aligning the surface features, 

vided on the catheter assembly so that the sleeve catheter catheters can be locked and unlocked to one another to 

may be selectively fixed to the inner catheter to prevent be simply rotating the catheter to move the protrusion(s) and 

relative axial movement therebetween. In this way, after the recesses) in and out of engagement, 

inner catheter is introduced and the balloon inflated, the 45 1° a further specific aspect of the access catheter system 

sleeve catheter can be distally advanced to engage the distal in the present invention, the sleeve catheter may further 

occluding member against the anterior surface of the cervi- comprise an exterior seal which seals over the interior 

cal os, providing a good seal and firm mechanical anchor. surface of the cervix when the occluding is in the cervical os. 

The sleeve catheter may then be locked to maintain such Such a sealing member is particularly useful when the 

engagement and seal. 50 catheter system is provided with a vacuum connector which 

In a particular aspect of the access catheter system, both permits application of a vacuum between the occluding 

the inner catheter and the sleeve catheter have dimensions member and the balloon on the inner catheter when the 

and physical characteristics selected to minimize patient cervix is being engaged therebetween. Application of such a 

trauma while maintaining sufficient mechanical strength to vacuum acts to draw the occluding member into the cervical 

permit uterine manipulation. In particular, the inner catheter 55 os » mrlher enhancing engagement and sealing, 

will have an outside diameter in the range from 1 mm to 2.5 In other specific aspects of the uterine access catheter 

mm, preferably from 1.5 mm to 2 mm, a lumen diameter in system of the present invention, the inner catheter may 

the range from 0.5 mm to 1.5 mm, usually in the range from further include a hub at its proximal end, and the sleeve 

0.5 mm to 0.8 mm, and a length in the range from 25 cm to catheter may be introduced and removed over the distal end 

40 cm. The sleeve catheter will preferably have an outside 60 of the inner catheter. Usually, the distal balloon on the inner 

diameter in the range from 3 mm to 4.5 mm, usually from catheter is elastomeric and can be inflated to a width in the 

33 mm to 4 mm, a lumen diameter in the range from 2 mm range from 10 mm to 15 mm. The system may further be 

to 4 mm, usually from 25 mm to 3 mm, and a length in the provided with a stiffening rod that is removably received in 

range from 15 cm to 25 cm, usually from 15 cm to 20 cm. the lumen of the inner catheter to facilitate introduction of 

It is particularly preferred that the inner catheter be rela- 65 the inner catheter through the cervical os at the initial stage 

tively soft, usually having a hardness in the range from 65D of a procedure. The stiffening rod may be resilient or may be 

to 75D, preferably from 68D to 74D. The outer catheter will malleable. Malleable stiffening rods are less traumatic and 


11/15/2003, EAST Version: 1.4.1 


5,93 

5 

permit the physician to shape the stiffening rod according to 
the anatomy of a particular patient. Usually, the sleeve 
catheter will further include a handle or hub at its proximal 
end, and more usually the handle will comprise a connective 
fitting, such as a luer fitting. 

In a second aspect of the present invention, methods for 
accessing the uterus comprise providing a catheter assembly 
generally as described above. The catheter assembly is 
introduced through the patient's vagina so that the balloon 
on the inner catheter is positioned past the cervix and lies 
within the uterus. The occluding member on the sleeve 
catheter is then engaged against an interior surface of the 
cervix, and the balloon inflated to seal against a posterior 
surface of the cervix. Usually, the balloon will be inflated 
first to facilitate advancing the occluding member against 
the cervix. After adequate engagement has been achieved, 
the sleeve catheter is locked to the inner catheter to prevent 
relative axial movement. 

The catheter assembly introduced and anchored in place 
as described above is particularly useful for manually 
manipulating the position of the uterus during hysterosalp- 
ingography procedures or for other reasons. Such manual 
manipulation is achieved by moving the proximal end of the 
catheter assembly, where the manipulative forces are trans- 
mitted through the catheter assembly to the cervix and to 
within the uterus. The combined column strengths of the 
inner catheter and the sleeve catheter enhance such force 
transmission. The preferred dimensions and physical prop- 
erties of the catheters are set forth above. 

In a particularly preferred aspect of the method of the 
present invention, the locking step comprises rotating the 
inner catheter relative to the sleeve catheter to selectively 
engage a surface feature on the inner catheter with a surface 
feature on the outer catheter. By rotation, it is meant that at 
least one of the two catheters is rotated about its longitudinal 
axis relative to the other catheter. Of course, both catheters 
could be rotated in opposite directions until the desired 
engagement in locking is achieved. The catheters may then 
be disengaged by further rotating one catheter relative to the 
other. The preferred locking mechanisms utilized in the 
method are described above in connection with system. 

Optionally, contrast media is introduced through the inner 
catheter into the uterus and imaging performed in a hyste- 
rosalpingography procedure. After such imaging, the cath- 
eters may be unlocked and the inner catheter withdrawn, 
leaving the sleeve catheter in place. A uterine catheter may 
then be introduced through the lumen of the sleeve catheter 
and guided to a fallopian tube falloposcope which can then 
be guided through the uterine catheter into the fallopian tube 
and the fallopian tube imaged. Alternatively, contrast media 
can be introduced through the fallopian tube catheter and the 
fallopian tube imaged by fluoroscopy. In yet another specific 
aspect of the method of the present invention, sealing 
between the occluding member on the sleeve catheter and 
the anterior surface of the cervical os may be enhanced by 
drawing a vacuum between the inflated balloon on the inner 
catheter and the occluding member. Optionally, the ability to 
draw the vacuum may be enhanced by positioning a seal 
over the exterior of the cervix before drawing the vacuum. 

In still yet another specific aspect of the method of the 
present invention, the occluding member may be removed 
from the sleeve catheter after use, sterilized, and reused. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a uterine access catheter 
system constructed in accordance with the principles of the 
present invention. 
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FIG. 1A is a detailed view with portions broken away of 
a portion of the sleeve catheter over the inner catheter of the 
catheter system of FIG. 1, showing a preferred locking 
mechanism. 

5 FIG. IB is a cross-sectional view taken along line 
IB— IB of FIG. 1A. 

FIG. 1C is a cross-sectional view similar to that of FIG. 
IB, except that the inner catheter and sleeve catheter have 
been rotated so that the locking mechanism is out of engage- 

10 ment. 

FIG. 2 is an exploded view of the catheter system of FIG. 

1. 

FIG. 2 A is a detailed view of an alternative mounting 
mechanism for a removable occluding member of the sleeve 
15 catheter of the catheter system of FIG. 1. 

FIG. 2B illustrates an alternative occluding member for 
the sleeve catheter of the catheter system of FIG. 1, in the 
form of an inflatable balloon. 

FIGS. 3A-3E illustrate use of the catheter system of FIG. 
20 1 for performing uterine manipulation and a hysterosalpin- 
gograpby procedure followed by accessing the fallopian 
tube with a fallopian catheter. 

FIGS. 4-6 illustrate a modification to the sleeve catheter 
of the catheter system of FIG. 1 where an exterior cervical 
25 seal and vacuum connection are provided. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

A uterine access catheter system according to the present 

3 q invention is illustrated in FIGS. 1, 1A-1C, and 2. The 
catheter system 10 comprises two major components, the 
first of which is an inner catheter 12 having a proximal end 
14, a distal end 16, and an inflatable balloon 18 near the 
distal end. A proximal hub 20 is secured to the proximal end 

3 5 14 of the inner catheter 12 and includes an inflation port 22 
and an axial lumen access port 24. Typically a luer fitting 26 
will be located at the proximal end of the proximal hub 20. 

The inner catheter 12 preferably comprises a flexible body 
formed from a soft material, usually a soft thermoplastic 

40 polymer or elastomer, such as a polyether block amide 
(pebax) having a hardness in the range set forth above. The 
inner catheter 12 will include an axial access lumen 28 and 
usually a separate inflation lumen (not shown) extending 
between inflation port 22 and the balloon 18. The access 

45 lumen 28 will permit introduction of contrast media to the 
uterus, as will be described hereinafter. Additional lumens 
may also be provided, although there will usually be no 
additional lumens since it is desired to maintain a low profile 
for the inner catheter to facilitate entry through the cervical 

50 os. The preferred dimensions of the inner catheter 12 are set 
forth above. 

The balloon 18 will usually be distensible, more usually 
being formed from an elastomeric material, optionally being 
formed from the same material as that used to form the 

55 catheter 12 itself. A useful balloon material is polyethylene. 
The balloon will have dimensions selected to permit infla- 
tion within the uterus on the posterior side of the cervical os, 
usually having a width in the range from 10 mm to 15 mm 
when fully inflated, more usually being generally spherical. 

60 The second major component of the uterine access cath- 
eter system of the present invention is a sleeve catheter 30 
which is usually in the form of a simple tube having only a 
single lumen therethrough and an occluding member 31 
positioned at its distal end. Optionally, although not 

65 necessarily, a handle which may be in the form of a luer 
fitting 36 is secured to the proximal end 32 of the sleeve 
catheter 30. 
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The occluding member 31 may be fixedly attached to the 
distal end of the sleeve catheter 30, but will usually be 
removably attached thereto. For example, ihe occluding 
member 31 may be removably secured to the sleeve catheter 
30 by a conventional threaded fitting, as illustrated in FIG. 5 
2, or may be secured to the sleeve catheter by spring- loaded 
balls 33 in the occluding member 31 and corresponding 
detents 35 on the distal end of the sleeve catheter 30, as 
illustrated in FIG. 2A. As yet another alternative, the occlud- 
ing member 31 can be an inflatable balloon 31a, as illus- 
trated in FIG. 2B, where the inflated configuration is illus- 
trated in broken line. It will be appreciated that the form of 
the occluding member is not critical so long as it can be 
selectively engaged against and sealed to the anterior side of 
the cervical os to permit both manipulation and fluid intro- 
duction according to the method of the present invention. 
Preferably, the geometry will be conical with the apical end 
disposed distally to partially penetrate and seal against the 
cervical os. 

Referring now in particular to FIGS. 1 A-1C, the preferred 20 
locking mechanism for the coaxial catheters of the catheter 
system 10 of the present invention will be described. A 
plurality of protrusions 41 are formed on the outer surface of 
inner catheter 12. The protrusions 41 may be in any form, 
but are preferably formed as small wedges or chevrons 25 
which engage similarly shaped recesses 43 formed in the 
inner surface of the sleeve catheter 30. Preferably, a plurality 
of protrusions 41 will be axially aligned over one or more 
lines on the exterior surface of the inner catheter 12. Most 
preferably, there will be two such lines on opposite sides of 30 
the outer surface of the inner catheter 12. In this way, the 
inner catheter 12 and sleeve catheter 30 can be rotated 
relative to one another so that the protrusions 41 line up with 
the recesses 43, as illustrated in FIG. IB, to lock the 
catheters together. The catheters can be unlocked simply by 35 
rotating the catheters further so that the protrusions 41 fall 
out of alignment with the recesses 43, as illustrated in FIG. 
1C. Usually, more recesses will be provided on the interior 
surface of the sleeve catheter 30, permitting locking over a 
range of axial positions. By orienting the wedge-shaped ^ 
protrusions with the ramped surface declining in the distal 
direction, as illustrated in FIG. 1A, particular strength is 
provided to draw proximally on the catheter assembly to 
manipulate the uterus. Disengagement can be then facili- 
tated by advancing the inner catheter 12 relative to the 45 
sleeve. 

A stiffening rod or mandrel 40 is optionally provided for 
inserting through the lumen 28 of the inner catheter 12. The 
stiffening rod 40 improves the column strength of the inner 
catheter 12 to facilitate initial introduction through the 50 
cervix. After introduction, the stiffening rod 40 can be 
removed to clear the lumen for introduction of contrast 
media to perform hysterosalpingography or other proce- 
dures. The stiffening rod 40 may be composed of a malleable 
material, such as slainless steel. 55 

The components of the uterine access catheter system 10 
may be packaged separately, but will often be packaged 
together in a sterile package, such as a pouch, box, or other 
conventional packaging for medical devices. The uterine 
access catheter system may be used with other conventional 60 
and commercially available catheters for performing fallo- 
pian tube access, as described hereinbelow. 

Use of the uterine access catheter system 10 of the present 
invention for performing hysterosalpingography and 
manipulating the uterus will now be described in connection 65 
with FIGS. 3A-3D. Initially, the access catheter assembly 10 
is introduced through the vaginal opening V so that balloon 


18 is disposed past cervix C. The balloon is then inflated 
within the uterus U in order to block outflow from the uterus 
through the cervix C, as illustrated in FIG. 3 A. After 
appropriately positioning the inner catheter 12, the sleeve 
catheter 30 is advanced distally over the inner catheter 12 
until the occluding member 31 engages an anterior surface 
of the os of cervix C, as illustrated in FIG. 3B. After the 
physician feels that the cervical os has been firmly captured 
between the balloon 18 and the occluding member 31, the 
sleeve catheter 30 will be locked to the inner catheter 12 by 
rotating one relative to the other, as described above. 

At this point, the catheter assembly is ready either for 
introduction of contrast media or other fluids through the 
inner catheter 12 or for manipulation of the uterus using the 
combined inner catheter 12 and outer sleeve catheter 30. 
Fluid introduction is achieved through the fluid infusion port 
24 on inner catheter 12. Manipulation is achieved by the 
physician manually grasping a proximal portion of the 
catheter, typically near the handle 36 of sleeve catheter 30 
and moving the assembly until the uterus is positioned in a 
desired manner. 

After the initial hysterosalpingography or other proce- 
dures completed, the sleeve catheter 30 may be utilized for 
introduction of other fluid media or other catheters by first 
removing the inner catheter 12. Such removal is accom- 
plished by rotating the inner catheter relative to the sleeve 
catheter 30 until they are disengaged. Balloon 18 is deflated, 
and the inner catheter is withdrawn proximally through the 
lumen of sleeve catheter 30, resulting in positioning of the 
sleeve catheter 30 as shown in FIG. 3C. Fluids can be 
introduced by attaching to the luer fitting 36. Alternatively, 
a uterine access catheter 50 may be positioned through the 
lumen of the sleeve catheter 30 into the uterus U, as shown 
in FIG. 3D. Suitable uterine access catheters are available 
from commercial suppliers, such as Conceptus, Inc., San 
Carlos, Calif., under the trade name SOFT TORQUE™ . The 
uterine catheter 50 is positioned so that a deflected end 52 
lies adjacent the os of the fallopian tube FT. The uterine 
catheter 50 thus provides a secondary access lumen directly 
to the os. 

After the uterine catheter 50 has been positioned, a 
fallopian catheter 60 is passed through the uterine catheter 
50, as illustrated in FIG. 3E. Optionally, a guidewire (not 
illustrated) may be used to position the fallopian catheter 60 
within the fallopian tube FT. The fallopian catheter 60 may 
then be used to provide improved imaging of the fallopian 
tube. For example, contrast media may be directly injected 
through the fallopian catheter 60 into the fallopian tube, and 
fluoroscopic imaging of the tube performed. Alternatively, a 
falloposcope (not shown) may be introduced through the 
fallopian catheter 60 and used to image the fallopian tube. 
Such catheters are commercially available from Conceptus, 
Inc. under the trade name VS™ catheter. Use of such 
falloposcopes for imaging a fallopian tube is described in 
copending application Ser. No. 08/207,475, the full disclo- 
sure of which has been previously incorporated herein by 
reference. The fallopian catheter may be used for other 
purposes, including treatment of proximal tubal occlusions, 
and transcervical gamete intrafallopian transfer (GIFT), 
therapeutic drug delivery for treatment of infectious and 
ectopic pregnancies, and endometrial biopsy, intrauterine 
ultrasound, removal of myomas, polyps, and/or septums and 
the like. 

Referring now to FIGS. 4-6, an alternative embodiment 
of the sleeve catheter of the catheter system of the present 
invention will be described. Sleeve catheter 50 comprises an 
inner tubular member 52 and an outer tubular member 54. 
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The inner tubular member 52 and outer tubular member 54 
are arranged coaxially and may be axially translated relative 
to each other. An occludin g member 56 is mounted at the 
distal end of the inner tubular member 52. A conical cup 
member 60 is disposed at the distal end of the outer mbular 
memb fo 54. A fl exibl e seal 62 ext ends from the distal end of 
cup 60 to "the proximal end ol the'TJccluding member 56. By 
advancing the outer tubular member 54 distally relative to 
the inner tubular member 52, the flexible seal 62 may be 
everted, as shown in FIG. 6. In particular, the seal 62 may 
be everted so that it can engage and seal to the exterior of 
cervix C to enhance the sealing achieved on the anterior 
surface of the exterior os. Such sealing may be further 
enhanced by drawing a vacuum within the cervix C, con- 
veniently by attaching a vacuum source to connector 70 
which opens to the annular lumen between the inner luminal 
surface of inner tubular surface of inner tubular member 52 
and the outer surface of inner catheter 12, as shown in FIG. 
6. Typically, an "O-ring" or other appropriate seal will be 
provided distally of the vacuum connector 70 so that a 
vacuum can be drawn. Drawing a vacuum will further 
engage both the occluding member 56 and the seal 62 onto 
the cervix, assuring a fluid tight seal. Such application of a 
vacuum further enhances the mechanical engagement of the 
catheter system to the cervix, facilitating manipulation of the 
uterus as described previously. 

Although the foregoing invention has been described in 
some detail by way of illustration and example, for purposes 
of clarity of understanding, it will be obvious that certain 
changes and modifications may be practiced within the 
scope of the appended claims. 

What is claimed is: 

1. A method for performing hysterosalpingography on a 
patient, said method comprising: 

providing a catheter assembly including (1) an inner 
catheter having a balloon near its distal end and (2) a 
sleeve catheter disposed coaxially over the inner 
catheter, wherein the sleeve catheter includes an atrau- 
matic occluding member near its distal end; 

introducing the catheter assembly through the patient's 
vagina so that the balloon is positioned past the cervix 
and in the uterus while the occluding member on the 
sleeve catheter engages outside the cervix; 

inflating the balloon to seal against the cervix; 

introducing contrast media through the inner catheter into 
the uterus; 

imaging the uterus; and 

advancing a distal end of the sleeve catheter over the inner 
catheter through the cervix and withdrawing the inner 
catheter from the sleeve catheter to leave an access 
lumen in the sleeve catheter through the cervix into the 
uterus. 

2. A method as in claim 1, further comprising: 
introducing a uterine catheter through the lumen of the 

sleeve catheter and into the uterus after the sleeve 
catheter has been advanced into the uterus and the inner 
catheter removal from the sleeve catheter; and 
guiding a distal end of the uterine catheter to the os at the 
entrance to a fallopian tube. 

3. A method as in claim 2, further comprising: 
passing a fallopian catheter through a lumen of the uterine 

catheter and into the fallopian tube. 

4. A method as in claim 3, further comprising: 
passing a falloposcope through a lumen of the fallopian 

catheter; and 
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imaging the fallopian tube using the falloposcope. 

5. A method as in claim 3, further comprising 
introducing contrast media through the fallopian catheter 

into the fallopian tube; and 
5 imaging the fallopian tube. 

6. A method as in claim 1, further comprising infusing of 
aspirating a fluid or material through the sleeve catheter into 
the uterus after the sleeve catheter has been advanced into 
the uterus and the inner catheter removed from the lumen of 

10 the sleeve catheter. 

7. A method as in claim 1, wherein the catheter system 
further comprises a stiffening rod that is removably received 
in a lumen of the inner catheter, wherein the stiffening rod 
is in place when the catheter system is introduced through 

15 the vagina and cervix and is removed prior to introducing 
contact media into the uterus. 

8. A method as in claim 7, wherein the stiffening rod is 
malleable and further comprising shaping a portion of the 
stiffening rod so that the inner catheter assumes a shape 

20 selected to match the patient's anatomy. 

9. A uterine access catheter system comprising: 

an inner catheter having a proximal end, a distal end, an 
access lumen therebetween, and an inflatable balloon 

25 near the distal end; 

a sleeve catheter having a proximal end, a distal end, and 
a lumen therebetween sized to slidably receive the 
inner catheter, wherein the length of the sleeve catheter 
is less than the length of the inner catheter by at least 

30 5 cm so that the distal end of the inner catheter can be 
introduced through a patient's cervix while the distal 
end of the sleeve catheter remains outside of the cervix; 
and 

an occluding member on the distal end of the sleeve 
35 catheter adapted to engage against the outside of a 
cervical os when the inner catheter passes through the 
cervix and the sleeve catheter is placed over the inner 
catheter. 

10. Auterine access catheter system as in claim 9, wherein 
40 the inner catheter further includes a hub at its proximal end, 

wherein the sleeve catheter may be introduced and removed 
over the distal end of the inner catheter. 

11. A uterine access catheter system as in claim 10, 
wherein the inner catheter has an outside diameter in the 

45 range from 1 mm to 2.5 mm and a lumen diameter in the 
range from 0.5 mm to 1.5 mm, a length from 25 cm to 40 
cm, and wherein the sleeve catheter has a lumen diameter in 
the range from 2 mm to 4 mm, an outside diameter in the 
range from 3 mm to 4.5 mm, and a length in the range from 

50 15 cm to 25 cm. 

12. A uterine access catheter system, as in claim 11, 
wherein the distal balloon is elastomeric and can be inflated 
to a width in the range from 10 mm to 15 mm. 

13. A uterine access catheter system, as in claim 9, 
55 wherein the inner catheter is composed of a soft material 

having a hardness in the range from 65D to 75D, and the 
sleeve catheter is composed of a material having a hardness 
in the range from 70D to 80D. 

14. Auterine access catheter system as in claim 9, wherein 
60 the stiffening rod is malleable over at least a distal portion 

thereof. 

15. Auterine access catheter system as in claim 9, wherein 
the stiffening rod is resilient. 

16. Auterine access catheter system as in claim 9, wherein 
65 the sleeve catheter is more rigid than the inner catheter. 

17. Auterine access catheter system as in claim 9, wherein 
the sleeve catheter comprises a handle at its proximal end. 
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18. A uterine access catheter system as in claim 17, 
wherein the handle comprises a connectable fitting. 

19. A method for performing bysterosalpingograpby on a 
paiient, said method comprising: 

providing a catheter assembly including (1) an inner 
catheter having a balloon near its distal end and (2) a 
sleeve catheter disposed coaxially over the inner 
catheter, wherein the sleeve catheter includes an atrau- 
matic occluding member near its distal end; 

introducing the catheter assembly through the patient's 
vagina so that the balloon is positioned past the cervix 
and in the uterus while the occluding member on the 
sleeve catheter engages outside the cervix; 

inflating the balloon to seal against the cervix; 

introducing contrast media through the inner catheter into 
the uterus; 

imaging the uterus; 

introducing a uterine catheter through the lumen of the 
sleeve catheter and into the uterus after the sleeve 
catheter has been advanced into the uterus and the inner 
catheter removal from the sleeve catheter; and 

guiding a distal end of the uterine catheter to the os at the 
entrance to a fallopian tube 

passing a falloposcope through a lumen of the fallopian 
catheter, and 

imaging the fallopian tube using the falloposcope. 

20. A method as in claim 19, further comprising 
introducing contrast media through the fallopian catheter 

into the fallopian tube; and 
imaging the fallopian tube. 

21. A method as in claim 19, further comprising advanc- 
ing the sleeve catheter into the uterus; removing the inner 
catheter from the lumen of the sleeve catheter; and infusing 
of aspirating a fluid or material through the sleeve catheter 
into the uterus. 

22. A method as in claim 19, wherein the catheter system 
further comprises a stiffening rod that is removably received 
in a lumen of the inner catheter, wherein the stiffening rod 
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is in place when the catheter system is introduced through 
the vagina and cervix and is removed prior to introducing 
contact media into the uterus. 

23. A method as in claim 22, wherein the stiffening rod is 
5 malleable and further comprising shaping a portion of the 

stiffening rod so that the inner catheter assumes a shape 
selected to match the patient's anatomy. 

24. A method for performing hysterosalpingography on a 
patient, said method comprising: 

1° providing a catheter assembly including (1) an inner 
catheter having a balloon near its distal end, (2) a sleeve 
catheter disposed coaxially over the inner catheter, 
wherein the sleeve catheter includes an atraumatic 
occluding member near its distal end, and (3) a stiff - 
15 ening rod that is removably received in a lumen of the 
inner catheter; 
introducing the catheter assembly through the patient's 
vagina with the stiffening rod in place in the inner 
catheter lumen so that the balloon is positioned past the 
20 cervix and in the uterus while the occluding member on 
the sleeve catheter engages outside the cervix; 
inflating the balloon to seal against the cervix; 
removing the stiffening rod; and 
25 introducing contrast media through the inner catheter into 
the uterus; 
imaging the uterus. 

25. A method as in claim 24, further comprising: 
introducing a uterine catheter through the lumen of the 

30 sleeve catheter and into the uterus after the sleeve 
catheter has been advanced into the uterus and the inner 
catheter removal from the sleeve catheter; and 
guiding a distal end of the uterine catheter to the os at the 
entrance to a fallopian tube. 
35 26. A method as in claim 24, further comprising: 

passing a falloposcope through a lumen of the fallopian 

catheter; and 
imaging the fallopian tube using the falloposcope. 
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Abstract Text- ABTX (1): 

A method and apparatus for mechanically lifting the abdominal wall away from 
underlying abdominal organs for laparoscopic surgery without insufflation. In 
the method an expansible device is inserted in the abdominal cavity through a 
small incision in a collapsed state and then expanded into engagement with an 
extensive area of the abdominal wall. Lifting force is then applied to the 
device for peritoneal retraction. The device takes the form of mechanical rods 
or arms and/or balloons. In the balloon embodiments lifting force may be 
applied externally of the abdominal cavity, or internally of the cavity by 
balloon inflation. Certain of the balloon embodiments are of an annular or 
U-shaped configuration and include a membrane for draping the internal organs 
and/or a centrally located balloon for lateral expansion. The balloons may be 
provided with an internal endoscope for viewing. The method also provides for 
laparoscopic gallbladder removal, either to the interior or exterior of the 
balloons. A needle is provided to laparoscopically pierce and drain the 
gallbladder. The needle carries a balloon inflatable to grip the gallbladder 
for retraction and removal. 


Detailed Description Text - DETX (12): 

The sixth embodiment is introduced into the abdominal cavity and used for 
retraction in generally the same manner depicted in FIG. 9 to 1 1 , with the 
exception that after the arms 48.sub.a and SO.sub.a are fanned out, the 
balloons 54 and 56 would be inflated, as shown in FIG. 13. This expands and 
cushions the area of contact between the arms and abdominal wall. FIGS. 14 to 
19 illustrate the preferred sequence for forming the incision 52 and 
introducing the fifth or sixth embodiment into the abdominal cavity. In FIG. 
14, a Veress needle with a thin plastic sheath 60 forms a puncture in the 
abdominal wall and enters the abdominal cavity. The Veress needle is then 
withdrawn, leaving the sheath 60 in place as shown in FIG. 15 and the guidewire 
62 is threaded through the sheath and into the abdominal cavity. A small 
incision 52 (0.5 cm) is then made along the sheath adjacent the guidewire and 
the sheath is removed, leaving the guidewire in place as shown in FIG. 16. A 
dilator 64 having a plastic guide sheath 66 thereover is then advanced over the 
guidewire and into the abdomen as shown in FIG. 17 and then the dilator and 
guidewire are removed, leaving the sheath in place as shown in FIG. 18. The 
dilator may have a fiberoptic scope to ensure that no bowel loops are impacted 
by the sheath during its placement. The lifting device or retractor is then 
introduced into the abdominal cavity through the guide sheath, as shown in FIG. 
18, with the sheath protecting abdominal organs from trauma during insertion. 
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Thereafter, the arms 48 and 50 are fanned out to provide expanded engagement 
with the inside of the abdominal wall, as shown in FIG. 19. There it will also 
be seen that a mechanical arm 67 is being engaged with the levers 44 and 46 to 
impart lifting force thereto and, in turn, retract the abdominal wall. The arm 
67 has a distal section 69.sub.a and a proximal section 69.sub.b connected by a 
lockable swivel 71 . The proximal section is supported on a motorized worm gear 
actuator 73 mounted on the side of the operating table, designated 75. 


Other Reference Publication - OREF (13): 

M.M. Gazayerli, "The Gazayerli Endoscopic Retractor Model 1," Surgical 
Laparoscopy and Endoscopy, vol. 1, No. 2, 1991, pp. 98-100. 
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